ABSTRACT To examine the effects of ingested deferens revealed that total sperm concentrations snakeweed foliage (SW) on male fertility and were similar ( P > .lo) between rats fed 12.5 or 25% reproduction, SW collected at prebloom stage was SW and controls. The percentage of abnormal sperm dried, ground, and mixed with ground commercial rat was higher ( P < .01) in rats fed 12.5 or 25% SW for feed (CRF) as 0, 12.5, and 25% of total diets. 
Introduction
Perennial snakeweeds ( Gutierrezia microcephala and G. sarothrae) infest vast areas of North American rangeland. Although unpalatable, snakeweed foliage ( SW) is often the first green plant in early spring and may be grazed when desirable forage is scarce. Snakeweeds cause abortion or birth of premature, lightweight offspring when consumed by grazing livestock (Dollahite and Anthony, 1957) . Recent research at New Mexico State University has shown J. h i m . Sci. 1993. 71:1520-1525 that ingestion of 12.5 or 25% SW for as few as 6 d impaired reproduction and caused embryonic mortality in female rats, even when clinical signs of toxicosis were mild (Flores-Rodriguez, 1990; Edrington, 1991) . However, to date, only a preliminary report is available concerning the effects of SW ingestion on male fertility and reproduction (Flores-Rodriguez et al., 1990) . This study was conducted to further characterize SW toxicosis in rats and to determine whether ingestion of SW would affect sperm quality, serum testosterone and LH, or reproduction by male rats. from a commercial laboratory (Simonson Laboratories, Gilroy, CAI. Rats were individually housed on aspen litter in plastic box-type cages and were randomly allotted to one of three diets: 0, 12.5, or 25% SW foliage replacing CRF. Diets and water were provided free choice. Eighteen rats were fed diets (six/ Group 1) and another 18 rats (six/diet) were fed for 102 d (Group 2). Males in Group 1 were fed SW diets for 20 d (short term) and males in Group 2 were fed for 40 d (long term) before they were paired with fertile females. After feeding the experimental diets for 20 d, each male in Group 1 was provided with 100% CRF while it was paired with three virgin females, individually and consecutively, for 4 d per female. Rats in Group 2 were fed experimental diets for 40 d, at which time they were paired with five virgin females (individually and consecutively, nighttime only, four nights, approximately 12 h/night) without access to feed during nighttime. During the daytime, males were removed from the females' cages and fed their respective diets. All females were provided 100% CRF at all times. After breeding, male rats were returned to their respective diets and fed for an additional 30 d (Group 1) or 42 d (Group 2 ) to determine the effects of long-term SW ingestion on feed intake, BW, serum clinical profiles, and testosterone concentrations.
Numbers of litters born, numbers of pups per litter, and weight of litters were recorded at birth, and number and weight of pups alive at 20 d of age were recorded.
Blood samples were collected from each male of Group 1 at 20 d, before breeding, via the retroorbital sinus. The number of female rats that delivered pups after pairing with males at d 20 to 24 of experimental diets was low for all treatments. This probably was related to the stresses associated with bleeding immediately before males were paired with females. Therefore, male rats in Group 2 were not bled at the time of breeding on d 40 to 44 but were bled considerably later, at d 98. Blood was allowed to clot (30 min, room temperature) and centrifuged (1,500 x g; 20 min; 4°C). Serum was collected and stored frozen until it was analyzed (CHEM-30, serum clinical profiles; Southwest Medical Diagnostic Laboratory, Las Cruces, NM). Additionally, hematocrit of whole blood was measured in male rats of Group 2 at d 98. After 50 d (Group 1) and 102 d (Group 2) of experimental diets, rats were bled at 0, 1, 2, and 4 h after i.m. administration of .5 pg of GnRH (Cystorelin [Gonadorelinl, Abbott, CEVA Laboratories), to determine serum testosterone concentrations (Tierney and Hallford, 1985) . Luteinizing hormone concentrations were determined for Group 2 (Hoefler and Hallford, 1987) .
At d 50 (Group 1) and d 102 (Group 2) after onset of experimental diets, six rats from each diet group were decapitated and heart, lungs, thymus, liver, spleen, kidney, adrenals, stomach, large and small intestine, bladder, testes, and epididymis were examined for visible lesions and weighed. The vas deferens was catheterized approximately 10 cm caudal to the epididymis using a commercially prepared capillary pipette (UNOPETTE, capillary pipette, 10 pL with 2-mL reservoir; Becton-Dickenson, Rutherford, N J) and vas deferens fluid was introduced into the pipette with gentle pressure on the testis and epididymis. A 10-pL aliquot of vas deferens fluid was diluted to 2 mL in a 4% Chloramine-T solution and examined under light microscopy. Total sperm counts and numbers of abnormal sperm (missing, coiled, or bent tails) were recorded.
Total feed intake by male rats was recorded after 20 or 40 d of diet consumption and BW was measured on d 20 and 50 (Group 1) and d 40 and 102 (Group 2) after initiation of treatments.
Feed intake, BW, carcass weight, organ weight, total sperm counts, percentage of abnormal sperm, and data for serum clinical profiles were subjected to analysis of variance appropriate for a completely randomized design using the GLM procedure of SAS (1985) . Percentage of litters born, pup birth weight, weaning weight, and mortality were calculated for each treatment group (but not analyzed statistically because of low numbers per group). Serum testosterone and LH concentrations were subjected to split-plot analysis of variance for repeated measures over time (Gil and Hafs, 1971) . Means were tested for linear and quadratic relationships.
Results
Feed intake and BW of adult male rats fed 0, 12.5, or 25% SW diminished in a dose-related manner reflecting poor palatability and(or) toxicity of SW (Table 1 ). The number of female rats that delivered pups when bred to males fed experimental diets for 20 d was consistently low among all treatments (four, five, and six litters born for rats fed 0, 12.5, and 25% SW, respectively; 18 females exposed to maleshreatment). This probably resulted from decreased libido in male rats subsequent to the stress of blood sampling on d 20. Therefore, data from the mating at 20 d are considered as doubtful in regard to effects of SW ingestion. Table 2 shows reproductive performance of normal female rats after exposure to males fed 0, 12.5, or 25% SW 40 d before mating. Conception rates were low and provided too few litters t o justify evaluation of data by chi-square statistics; nevertheless, trends of data suggest dose-related impairment of male reproduction by dietary SW. The percentage of pregnant females diminished in a dose-related manner (33, 10, and 3% for males fed 0, 12.5, and 25% SW, respectively) and pup mortality (through weaning) markedly increased (24, 54, and 100% for offspring of males fed 0, 12.5, and 25% SW, respectively) after 40 d of SW consumption (Table 2) .
Because SW x sampling time interactions were not detected for serum concentrations of testosterone or LH after either 20 + 30 d or 102 d, overall means were tested. After 20 + 30 d of SW feeding, testosterone averaged 15 ng/mL before GnRH. After GnRH administration, values were elevated at 1 and 2 h but no treatment differences were observed in pooled means (61, 59, and 78 f 7 ng/mL in rats receiving 0, 12.5, and 25% SW, respectively; P > .05). Likewise, both testosterone (69, 49, and 64 f 7 ng/mL, respectively) and LH (1.0, .9, and .9 rt .1 ng/mL, respectively) responses to a GnRH challenge did not differ ( P > .05) among males fed 0, 12.5, and 25% SW for 102 d. bProbability that means differ: NS = P > .05; L = linear contrast, P < .05; Q = quadratic contrast, P < .05. CBUN = blood urea nitrogen. dALK-P = alkaline phosphatase; CPK = creatine phosphokinase; GGTP = gamma glutamyl transpeptidase; LDH = lactate dehydrogenase; AST = aspartate aminotransferase; ALT = alanine aminotransferase.
creatinine, y-glutamyl transpeptidase ( GGTP) , and alanine aminotransferase ( ALT) ; and diminished glucose, triglycerides, blood urea Nxreatinine ratio, uric acid, lactic dehydrogenase ( LDH) , aspartate aminotransferase ( AST), and AST:ALT ratio. The 16-fold increase ( P < .05) in GGTP, together with increased ( P < .05) alkaline phosphatase ( ALK-P; approximately 1.8-fold), increased ( P < .05) ALT (1.5-fold), and decreased ( P < .05) LDH and AST, suggest hepatocellular and(or) biliary involvement, without cholestasis (no hyperbilirubinemia) or renal damage (only mild changes of blood urea N and creatinine). The major changes (increased [P < .051 cholesterol and decreased [P < .051 triglycerides, together with decreased glucose [P < .051) are consistent with undernutrition related to poor palatability of SW, low feed intake (Table l) , and diminished BW (Table 4 ) of rats fed SW, as a contributor to toxicosis. In subsequent studies (Edrington, 1991; Edrington et al., 1991a ) similar responses were seen in rats that were fed 100% CRF with intakes that equaled feed intakes by rats fed SW. Overall, clinical profiles at 20 d are remarkably similar to clinical profiles of female rats fed 12.5 or 25% SW for 10 and 40 d (Flores-Rodriguez et al., 1989; Edrington, 1991 (Table 4) . Histopathological examination revealed no necrosis of testes or decrease in number of mature spermatozoa in seminiferous tubules and no significant lesions of livers, kidneys, hearts, or spleens from rats fed SW.
Discussion
Results of this study suggest that reproduction of male rats was not affected by ingestion of 12.5 or 25% SW for 20 d but apparently was severely affected in a dose-related manner when the same diets were fed for 40 d. The nature of impaired reproduction observed in this trial seemed unrelated to production or release of testosterone or LH. Decreased numbers of females impregnated at d 20 and at d 40 were obviously related to signs of toxicosis that were evident in serum profiles of males fed SW for 20 d, yet they might be explained, in part, by lowered plane of nutrition, shown as decreased feed intake and lower BW of males fed SW. Fewer pups born per litter and the apparently increased mortality of pups, especially for males fed SW for 40 d, suggests genotoxicity of SW.
The fact that no increase in percentage of abnormal sperm was noted by light microscopy after feeding SW for 20 + 30 d (at approximately the time when breeding of males fed SW had produced notable mortality of progeny) does not diminish the likelihood that genotoxicity of SW contributed to mortality of pups from sires fed SW.
Toxic components in threadleaf snakeweed ( G. microcephala) and broom snakeweed ( G. sarothrae) have been considered by Dollahite and Anthony (1957) , Dollahite et al. (1962) , Molyneux et al. (19801, Roitman and James (19851, and FloresRodriguez et al. (1989) . Research at New Mexico State University was reviewed by Smith et al. (199 1) . Toxic components in snakeweeds include, but may not be limited to, mono-and diterpenes, triterpenoidal saponins, highly oxygenated flavonol methyl esters, and unidentified alkaloids (G. S. Smith, unpublished data). Ingested SW not only diminished conception when fed to female rats precoitus (Flores-Rodriguez et al., 1989; Flores-Rodriguez, 1990; Smith et al., 19911 , but SW also caused embryonic mortality when fed to pregnant rats postcoitus (Edrington, 1991; Edrington et al., 1991a) . Antifertility and(or) embryotoxic properties of SW were not related to estrogenicity of SW extracts (Edrington, 1991; Edrington et al., 1991a,b) . Moreover, hepatotoxicity of SW foliage, determined by serum clinical profile responses to varied dietary dosage of SW, was not closely related to SW content of saponins (measured grossly) (Edrington et al., 1991b) . Antifertility and(or) embryotoxic properties of SW seem to be less tolerated by female rats than by female ovines and bovines (Oetting et al., 1990; Williams et al., 1992) .
Whether ingestion of SW by males of livestock or wildlife species contributes directly to poor reproduction has not been determined. Results of the present study, together with impressive findings with females of laboratory and livestock species fed SW, suggest that further investigation of reproduction by males fed SW is needed.
Implications
Findings suggest that snakeweed impaired reproduction of male rats and support the hypothesis that reproduction of livestock and wildlife could be similarly impaired by ingestion of snakeweed. Impaired fertility and reproduction may occur in females before overt signs of clinical toxicosis are evident and when snakeweed is consumed at moderate to low levels for short time periods; for males, serum components changed appreciably before reproductive impairment was noted. This suggests that male livestock might show clinical signs of snakeweed toxicosis before ingestion of snakeweed would affect sperm quality or male reproduction. 
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